Leptin may regulate peripheral fatty acid oxidation and invoke a feedback mechanism that affects leptin expression in adipocytes. The objective of this study, therefore, was to determine whether inhibiting systemic fatty acid oxidation at the level of carnitine palmitoyltransferase-1 (CPT1) affects leptin expression. To accomplish this objective, fed or overnight fasted rats were treated with 2-tetradecylglycidic acid (TDGA), a specific, irreversible CPT1 inhibitor, and acute changes in rat epididymal leptin expression and serum leptin content were measured using Northern, RT-PCR, and radioimmunoassay analyses. Overnight fasting decreased both epididymal leptin mRNA content and serum leptin. Treating overnight fasted rats with TDGA increased both their epididymal leptin mRNA and their serum leptin significantly in a time-and concentration-dependent manner. TDGA affected neither epididymal leptin mRNA nor serum leptin in fed rats where systemic fatty acid oxidation is low. These results support the conclusion that CPT1-linked fatty acid oxidation is a key modulator of leptin expression in fasting rats.
Adipocytes release adipostat hormones into the circulation that activate hypothalamic pathways designed to maintain triacylglycerol stores within a physiological range. 1 Leptin is an adipostat, and serum leptin can correlate with body adipose stores. 1, 2 However, fasting 1 and sympathetic activity 2 acutely modulate both leptin expression and serum leptin independent of changes in adipose stores. Thus, leptin expression may reflect flux through systemic or adipocyte fatty acid and/or energy metabolic pathways, 3 and serum leptin may regulate flux through these pathways. In support of this latter possibility are reports that leptin activates AMPactivated protein kinase (AMPK), 4 stimulates fatty acid oxidation, 5 and depletes non-adipocyte and adipocyte triacylglycerol stores. 6 One recent report indicates that leptin can also stimulate fatty acid oxidation independent of changes in AMPK activity. 7 In addition to these direct effects on fatty acid metabolism, leptin also activates sympathetic nervous system activity 2 leading to adipocyte lipolysis and increased systemic fatty acid oxidation. 2 Thus, serum leptin can activate systemic fatty acid oxidation both directly at the level of intermediary metabolism and indirectly via modulation of sympathetic tone. While serum leptin activates flux through fatty acid oxidation, suppression of lipolysis either in vivo or in isolated adipocytes increases leptin expression. 8, 9 These results indicate that metabolites of lipolysis or lipolysis-driven fatty acid oxidation may regulate leptin expression. Thus, we performed experiments designed to determine whether carnitine-dependent fatty acid oxidation regulates epididymal leptin expression in vivo. Here we present evidence for a homeostatic interaction between flux through systemic fatty acid oxidation and leptin expression. Specifically, pharmacological inhibition of fatty acid oxidation in fasted rats increases their epididymal leptin mRNA, leading to increased serum leptin. All experiments conformed to the guidelines for the use of animals enforced by the Institutional Animal Care and Use Committee of the University of Alabama at Birmingham. 2-Tetradecylglycidic acid (TDGA, McNeil Labs, Spring Hill, PA, USA), also known as methyl palmoxirate, a specific inhibitor of carnitine palmitoyltransferase-1 (CPT1), 10 was administered to ad libitum fed or overnight fasted male SpragueDawley rats to inhibit systemic fatty acid oxidation.
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Groups of rats (n ¼ 5-6 per group) were killed 2, 6, and 12 h following TDGA or vehicle treatment, and their epididymal fat pads and serum were recovered. Epididymal leptin and cyclophilin mRNAs were measured using Northern and RT-PCR analyses with previously described methods, 12,13 while serum leptin was measured by radioimmunoassay (Linco Labs, St. Charles, MO, USA). Probes for Northern analysis were prepared from 1 mg of epididymal RNA that was reverse transcribed and PCR amplified using primers corresponding to nucleotides 84-102 and 298-281 of rat leptin (Genebank accession no. D49653) and to nucleotides 47-66 and 464-445 of rat cyclophilin (Genebank accession no. M19953). Probes were purified, end-labeled, and used to analyze leptin and cyclophilin mRNA content of 10 mg samples of total epididymal RNA. PCR analysis of epididymal leptin and cyclophilin cDNAs used primers identical to those used to generate probes for Northern analysis, and PCR products were resolved using agarose gel electrophoresis 13 and quantitated densitometrically. Between-group means were compared using Student's t-tests with Bonferrroni corrections for multiple comparisons. Significance was assigned at a Po0.05. RT-PCR analyses substantiated these results, revealing maximum increases in epididymal leptin cDNA 6 h following administration of TDGA to fasted rats ( Figure 2 , filled circles). TDGA induced epididymal leptin expression in a concentration-dependent manner, with 10 mg TDGA/kg inducing maximal leptin cDNA expression in fasted rats that was maintained at higher doses of TDGA (data not shown).
In concordance with increased epididymal leptin expression, TDGA treatment increased serum leptin in fasted rats (Figure 2, filled squares) . Increases in serum leptin lagged behind increases in epididymal leptin cDNA, becoming significantly elevated 12 h following TDGA treatment. While increased, however, the values of serum leptin measured in fasted rats 12 h following TDGA treatment were lower than values measured in fed rats (data not shown). As expected, albumin treatment did not alter serum leptin (eg 1.0570.23 ng leptin/ml at 12 h post-albumin) (Figure 2 , open squares) or epididymal leptin cDNA (eg 0.3170.05 [leptin/cyclophilin] cDNA) (Figure 2, open circles) .
Thus, TDGA reversal of fasting hypoleptinemia implicates a critical role for fatty acid oxidation in suppressing leptin expression in fasting rats. Fatty acid oxidation is a major source of energy in fasting rat skeletal and cardiac muscle 14 and adipocyte lipolysis is a major source of fatty acids under fasting conditions. Inhibiting systemic fatty acid oxidation in fasting rats, therefore, may invoke a complex feedback mechanism that increases adipocyte leptin expression in order to activate peripheral fatty acid oxidation. [4] [5] [6] This feedback mechanism may occur at two levels. First, TDGA may directly inhibit adipocyte CPT-1-dependent fatty acid Figure 1 TDGA increases leptin mRNA in fasted rat epididymal fat pads.
Groups of fasted or fed rats (n ¼ 3 per group) were injected i.p. with albumin vehicle or with 10 mgTDGA/kg 11 and killed 6 h later. Total epididymal RNA was Northern analyzed for leptin (L) and for the internal control cyclophilin (C;Cyc) mRNAs (upper panel). Mean of the (leptin/cyclophilin) ratio7s.e.m. is reported (lower panel) with the differences between fed and fasted (*) and between fasted and fasted þ TDGA rats (#) being significant (Po0.01). Figure 2 Time course of change in serum leptin and epididymal leptin cDNA in fasted rats treated with TDGA. Groups of fasted rats (n ¼ 5-6 per group) were injected i.p. with albumin or with TDGA and killed 2, 6, and 12 h later. Serum and total epididymal cDNA were obtained as described in the text. Serum leptin (dashed line) was measured by radioimmunoassay while epididymal (leptin/cyclophilin) cDNA ratios (solid line) were measured using RT-PCR. Mean7s.e.m. are reported. * and # indicate Po0.01 relative to albumin-treated rats.
CPT1-linked modulation of leptin expression P Wolkowicz et al oxidation and decrease the adipocyte content of intermediaries of fatty acid metabolism that suppress leptin expression, 8, 9 including malonyl-CoA. 15, 16 Second, TDGA may inhibit peripheral or central 17 fatty acid oxidation and thereby decrease adipocyte sympathetic tone in fasting rats, leading to increased leptin expression. 2 The pharmacological studies reported here must be developed further using both isolated adipocyte and intact animal studies with the goal of determining whether TDGA restores leptin expression via direct or indirect mechanisms in fasting rats.
